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£001] *!SB£B: % 3t«^* % fea»T**fc^©m*C»HLfc3fe7r-f'A»t'T?3fe*« 
UfcJfclfr * ©5S PI m & =E V a-JU T'3t if ffi # 7 31 fll A IC H"T* . 

*si»,2 oa*f6ji2 3 BizthSi*+it^)S2 oa-i846 33*0*2 oa^io 
£5 HizaiHSftfcfc*^ oa- 292377^ c«ur«jfe**±aiT*t©T» -3 

fA(DRAv^fA) ©mjs«*Bi2 1 33*0*02 2 <zm-?(mx.&. imff&wu* 

t»2#M)o S2 lff^B&T>\ifO>m^^*K S2 2^^^"[S]JS)SDRA<7>«^ 
T*3j%o yXfAT'B, t UT»it>'7^7T^A (D S F) 33^, 

D s F0)-lfP»«aft (A 0 G>&J&ffi»ls4 Chm -Is 6 (hm (M^ffi tt^tl*^ 

W>*L*ls?s ~l6 0>nm(#IMffi) , (qlJa)^(7>JS)S3fe^fi tUT147 (hm 33* 
0*150 Qim^ffl ^\T^*o *fc» BI22 <7))R^lS]Ja*3D|if S 
tUT, ^\t>i^«c Vis 3 0H.5 6 Qim(^M^S) * W* - 1°3 33*0*&;& IrIJBi jB 
3t^StbTl42Qim 33*0*14 5 Qim«JH*" c V*« 

[00a] ajB3te»s«3g+«Hi-3 2 -3 N i-4 2 _4 A , 6> § f jtts^j |S] a S 

77^"^^^i / -f^(FB G) ^9«tL-Ttt*u-1f^'f*- ^ 
H ( 7?-</'^7^^U-f -f>f#f U-f HULFB G Jfflfi3feW> T*35%o 

[ooa] *fc,#»JB**Hl-3, 2 -3 i-4 2-4» Iy)l/ bi-9A^iP7T-</ , *i*i*Iii( 
EDFA-v 1 6 , 2 6 *W T*. D S F © ±S(t ffll <D t* (t>«l»l - 3. 1 - 4fi ^ » D S F * 
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fe»T*©#3fe»vDsF<DTaEffiJO)»JB*!(i»2-3, 2-4itt<T?»*?-7>*« 
*g WTvfciS* +T?»^F(fiCH««*tlfc«.EDFAl6 % 2 6T?* +S«»C1««| 

[000s] S2l<D«^tC« > «^JffljBDRA*fflt^sNRfl)|fi|±«H-3T^*. S22 
<7)Jg-^- CB, £6fc*>sNR<D[S]±£21oT, B9^jai^DRAtUTFBG®IiS3t3il3 
-3, 23-3,-^^Hl5 % 25€itiP UtoR^|olJB!ljBDRA«ffl^^*- fc£ U tt 
*tt«Cft^T» B?T^®l^DRA«jSffl-r*«^CB,'fi#3fe^fi^ : B,c^l5 3 0 
—156 QimlCl^snT^fc^f&WT-B, ^TC^T**C, L*l575 —16 05 nm 

cfctvc* M#iajBDRAC«M>M3feiB«OTiiB 

[0007] BhiaffjglZ&^T* Efc*sNR[6)±*3H,^ »^»*'T>*««!T»» < 6'C 

3t«ffl^it«fT 5 . 0iJx.Bl47Qimd3<fcO f l5 0Qim(^2l 

C*T. 02 3tt0Htt fzmm (nm) jj&lft C^J# (dB) *t* 0 g| 2 3 L 

^1575 -16 Q5nm(Z^^\T, ^a*5PJ»^^^KjU^»StlT^*o 
[000b] #4SfFftStl:H. Masuda et ah, Electron- L e tt., Vol. 35, pp. 411 -412,1999 
#E4£]rFft£R2 :N. Takachio et aL, OFC, PDg , pp. 1~3, 2 000 

#E4$f*F3Ctt3 :M. D. Mermelstein et aL, Electron- L e tt., Vol. 3 8, pp. 4 Q3-4q>, 2 0Q> 
#4*ffFft1tt4:K. Inoue, jLt. Vol 1 ft pp. 15 53-1561,1992 

^4$fpJCSXs :R. P. Espindola et aL, Electron- L e tt., Vol. 38, pp. 1 13-1 15,2 OCfe 
#E4$lrFft3i)t6 :Y. Ohkiet aL, OAA , PD7 , pp. 1-3, 2 002 
IE 4$ ft ft tt 7 :R. H. Stolen, Pr OC - IEEE, Vol. 68, pp. 1232-1236, 198 0 
#4$ffftfflt8 :h. Masuda et aL, Electron- L e tt., Vol. 33, No- 12, pp. 1 07 0-1 07 2, 19 
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#E4$ftft®U :H. Masuda et aL, Electron- L e tt., Vol. 39, No. 23, pp. 1-2, 2 0GB 
#E#SrFftSft lO:H. Masuda et aL, IEEE Photonics Techno 1. L e tt., Vol. 5, No. 9, pP. 
1 017-1019, 1993 
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[0009] ^KB&Sfc&ffiODRAvT^AlCv H220)*«C M^JS)^D|JL(*«3iiP UTffl 
l\rzm^<Dm^^<DSNR7.^C^)l^m24 C^To El24»*ltffta&S(nm)£^ 
%1 ^|ftlZsNR(dB)St% 0 fcjfc'U ±|B(7)* 5 t: N 'fi-§-3fe^fittL^ : l575 -16 Qsn 

[0010] B24*W,flr*3fe»fil58g nmiBLmiZi5[,\T.mm*sNR<g^tf£.UT\,\Z>C.£ 
if *>ftz> 0 fciilftttM t LTbv HS ^ (BER) mm &n ofctf , s NRtftt 
25dB^T0)^fi^lC^3^>BER^^«-^L"Tt^^^*' : f :) A x '3t. 
fc*#0>ffi ~l58g nm)fc,fla3fe*S(l5 0Qim)#,-Kn»1l)taft tt 

545nmT'&o£) C** U *tlfc MBU^, jaM^tOffi^gSg^t^ (RIN) if „ 

Ml, **T T*Jffl jB 3t *= , # ft t<7) ffl T\ $¥Mm4 ft (ND-FWM) if ± LT*> 

[oon] ±IB^SffiBT-«:.'(s-^^tJS)B^<7)^3ig^»tr|^i;c^ v ^ ±132 o<7>mfU 
RIN^frfc^tfND-FWM) lZ**ll-S§-ft fiSIS&'fbtfil^ tC&*>. fcCUFBol 
jB3fc3Sv 77-f/t U— +f^^ORIN#AS^\iaa^lS CHUTRIN^fTtftl^lCfc 

[0012] * , M 3fe W C Xjfe ^ * fc , 4$ » ^RIN ©Jffl jB 3fe» ( ^ — HDFB (5* 
*fr HSJtffl) LD (U— 7 3f -T*— H *tfiGM (inner grating multimode) LD) SfE 
§S1U Bl2 2©DiJL|ftS'*xA(fc£U M^S)SD|JL(*«ffl ^t^^") Cffl^\T\RIN 
^^T««]JE-r«>Ct« r ^^*tlT^(* ! t$fF3tS{5^fc»6#M)o Wf U*#S, * 

t^!t£#&2>o £SC,ND-FWM##JET*€&^tl^£#&^£° - J.FB 
GOjB3t»i3*aP7T-<A U— SBs Kffl^ ra^o 
[0013] *f£BJ», Z0)* 5 fcir§ Kl*Tfc>*lfct,a>T*&oT, «fc«fc<ffl^6^ l; &xFBGlSl0 

\,\im m as ft 7 T<</xmm yxfASiits ctsiw tt%. 
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[0014] ^m».m^^mmr=&^^>mmo>^mmn^x<f)^ , j^yT'-(j\^ mib 

[0015] ZZT\*3&WT'&. MlE-^ff C» s mT!B5/ , ^7T'<A<7)-tfp^iit^Scfc^^ 

IB«-3fc©*ttaft«fcy,-«a»JtCl>T13. 7 -30TH^J»«»fl W*fcC* 
©fi«Mu:»*iaia3t*tfJ»"r*¥S*flt AT^*. 

[0016] *t % hTsb-^ 7 t-t;t 5^7 1-7 T-r;\T?»y, tirM^&BLfccfca&aa 

[0017] ztlC*ntf, fem»#DSF©»^ Cfct^v «£*fe*T'raST'$otSNR^ 
[0018] $«lM* v BUlBv'^7T^y\», y>-tfp5d-U[v7l-7T-<y i CT"&y, ttlBft*3fe(* 

[0019] z.niz*ft& . mmm# ;>i*nftn5'7^7T^jx<Dm£ iz&i\x , u*&mx- 

fflll > RIN^fT^tfND-FWM C«fc*SNR5& ****PJE T'£*>, 

[0020] ffilB 5^2) 7 r-lVT ftA© C» Mfilb^^y^ytxfflEDF^v 

a— A^K ltStl, ltflB0)i£#G: % ^0)»S*-143 Qim^±"Ca&yi47Qim«.T"? 

[O02i] ctlC**ltf,»jB3te*ft«#tt(*<h*<»mi(»Cl43 thmfl!>ftjB3t«ft'C«. 

[0022] &*>^l** MIB v l ^77-</ , t ©<(S*3fe tb*® (C, iSMiS v^^ytxMEDF^E 
5^-yU#l&ttS*l, BtflSI9j&;fc&v ^<7)^S^144 Qim^ ±T-&H147 ChmJ^T 

[0023] £«><fc*C» M|iIll!)S5>>^y| / y , ?^MEDF ; Evj.-J| / T-»,J®lS$i!)^#^7 > luytX 
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MEDF^E v a-JU * e tz ti> m W ftg ttlffl j@ 3fe ft ft » , * 7 A A xMEDF^E v 
(144 QnnJ*±*£) t**o 
[0Q24] *fc, t?IBJSlS^3itt, 77^77»/^^u-f^#fU- V9<f#— hfflt, L 

< » 7 74>\ U— tf M Tfc* Cfctf T-€%c 
[0025] *fc % fl|#3tKfi<D«<lNe«A5, t(riBv , > , *7T-<A<D-t£a^^ftS<7)«^'(i&^ 

2 n, Q— n s y n. p 

tf^so^ic^^ftft, t?p#iiftft. ^Mg^«ast%c^f 

+f5f-<^— H^*t»7T7' l > , -^n— U— 9 2ao- as 
y Ap+i 0*j£^3*^e^izMlEfl#3teftft, HiTIB-tf a^a'BUlHJSi^ 

ft « . if MfEjaj & * ft « «a» s UTt. & ^= 

[0026] ^tlCcMJ. ^ifiAt4sIMtttf2 a 0- a s - a p x- (C, c*i£lsl 

[0027] crotsc, iJE*»jftft<D«^iOnm«T'C*>Sc:i:^M*bv\ 
[0028] *6(Z, tuBJS)ie3feM(*,fift^MT^7T7"' J -^P-U-^^^"- 

[0029] £*iiz<mj, IgE^^Bgi/i^c^^^Hfjf^- HroSiM>feft 

ft (¥*§ftft) oMflfcMlST^cfctfT-SSo 
[003 0] Btria7t7r'fAffl^ivX7 1 A»xJU^^A^*D77''f/tli*Iil«WU hUBi 
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[ocbi] *fc % MlB5^>it«^**?TV^Jfc***^>S**fl9B£» tuiBv , J*7r-rA^ 

a ti * n* w ib« * 3fe # %n 7 - «■ IE cfe * c , mm # * a 7- 057^ * s 

ZtllZJ;^ v , ^7^A^T-#^^^m« f ±L** £ fe 5 '5:«^lZt,^^^J#X^^ 

[0Q32] fjfc. MlB5/'^77'-f'ABrlT4't:®(R^tltv l > , ^7T-<y\T*^-DTfem^» 6*1^ 
miBv , ^7T-fABm^3felii|SfflWv l ^7^AT-^oTfc^^o 

SKfifc©* UT15. 6TH Z J^ ± T-£ oTfc A ^° 

7.7 i A<7)«^lZJt^T-^lC€^*T^^<75T\^J#7.^^K;| / (7)^att «ig« U 
* < fcfc > RIN^*T * tfND - FWM tZ «fc *<d # # g 5£ 4. 1^5 tl ~3 X & 

[0034] *fe % ^^^0^^ifi!»gS«^M«^S(3IHigl) Cflt«»*T«.H#CKW 
[0035] WC*ntf,^*ft*TB«T?«omN^a3*afND-FWMtZ«fc*fl| 
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[0036] mi~\m-mMm<D*77'<J\mmi/*TA<D±frmf&m<, 

[g|2]S-HS£fi?iJ<7)^77"<Aa'fi5>X7 i AlZ^Ct*fiJ^t^St<7)||^ SfvtS. 
[ H3] JR -Hffi fl] tf>5fc 7 7-f/tI II V^r A iZfc It* SNR tjR ft t <D |Qft *^ f So 
[H4])|-Jtllff Cfctt**ft H# (DSFW«^) €/^T@ 0 

[ as] n -H5S m <om # 3fe/T 7- tat s t (D n& ^ ? m„ 
[ S6] m -mm m «>edfa©*.i» t& ft to §m *m ? m. 

[m^-mmmoy^m n# (nz-dsf<&±§£) s^th. 

[H9]*=iejf6«(O3fe7T-fA31^5'^A0)S«P«l*H. 

[ H l o] HUM ft 0 Hi* A * * A 7 - 1 A A JSi fi 3t A 7 - fc a> *^ T 0 O 

[ 0 1 1] m m mm m ©snrt^ ? «^ t 0 o 

[012]Fp-LDlS)M^IS t^*^ C«lt*LDB»«attJ6iB3tSNRi3*Cf 

[ R 13] Jft Q USS ft (Z& l-t^Fp-LD® j@ 3fc3S roS^Sf tS. 
[014]HIESlJ£ft (ZfcttSi&lJg C»B LfcEDFA<D«l***-rH. 

[0i5]H!EJtJ6ft Cfctt* ttltfrBftS £*0iRiK»rB«S 

crtu— tot ab 

a 

[ m i6] m s mm m c a tt*EDFf u # 7" □ ^5 3 * wedf ©ehs^s^me"** 

2 

[0l8]^EHJ6ft ICfcL^ »3&JttiBDil^©iafi3fe***'l44 Qim<75*§-£ (75^ 

y^* 7.^ ^^1,0)00, 35*^ *©?^yw*^?ivi/**iB"9"*EDF*J»7py 

?5 3 |*l<DEDF<DftJ*f ? b)\, ? 0 O 

[H2Q|s|-bsijB«|u:d3tt*3te*«Ba>«l**^"rH. 
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[ 02 * <z>& ^® jgD i\pm& t m a 

[ 023]&3fc&ffi OJ^yWX^ * »MU 

[ @2 4 ]& ffi OSNRX^ ? KJL, *^ T So 

[0037] 1-A 1-2, 1-3, 1-4, 2-1, 2-2, 2-3, 2-4 

iann,2a2i v'^7t-<a 

12-1, 12-2, 12-3, 13-1, 13-2, 13-3, 22-1, 22-2, 22-3, 23~1 
, 23-2, 23-3 FBG©jB3t» 
14, 15, 24, 25 
16, 26 EDFA 

3 0 jSPiMlBEDF^Va— )\, 

4 0 'SSWtT yr-*— Z 
41 7 T~f 'J— ^ □ — LD 
42 

51, 53 EDFflJ^7p«/^ 

52 Mnm^ a %y^)i^ 

54 JRJi&ffitt USB 

55 EMttrnmrnv, 

7 0 3feJtM 

[0038] «T, HlB«ffl^T*5IW©jllt««ttWT*.*ft,*»«B:ttTt:K«Tr* 

[0039] (Jg-Hi60iJ) 

gH»H-HiS«0<D3t77"l'AM^v7,7 t A(D^:'*#^ST*^*. 
[0O4Q] *MS£0iJtt, HlC*^«fe*C,«^3t«««T*9-7>li«<Djpm«f|fcUTfl) 
->'^77^/Tl a mi. 20 21 1, BUlH^i-^^tl^-7JfS]t:v , ^7T-<Al a im , 2 



WO 2006/001229 9 PCT/JP2005/011135 

0, 21 <PZ&fcMt tliT*FGB@IiS^ISl2-l x 13-1, 22-1, 23 

-it, 5^a77"<Ai a miv2a 2itFGBJSiB^aii2-i, 13-1, 22-1, 23 
-i£<Dmizmm*nfcMmm^*tfftBmBft£tt$i-t%<&$imi4, 15, 24, 

[0041] ££T', *IISS0!l<?>!|$Slfr-5tca» v -^ieifl4, 15, 24, 251Z&, y'^77-f 

m a nn, 2a 2i<Diini&mmm*vmtemm<»m$iZ%?*m^XtfAmzti 
, z<Dmmt£FGBmmxmi2-i^ 13-1, 22-1, 23-i#6ajit*ft£®);£ 
^t^>^-r*^s:«iii,FGBisiie3feasi2-i, 13-1, 22-1, 23-11*, m 

[0042] y^77-f/Tl a M, 2 a 21», v7^7^AT'^»J, BUieH#^ ttL^ tZ 

[0M4] 01», ^-H5£^lJ(D^7T-l'AM<iv7,7 1 A«^UTt^. 021 0)1% 

^•DrA) l44(hm<7)ia^33^«ffl^W oT^*o ^<D®^3tffl 0)m&ftmi3 
-ltt±)l©iI*iil-l^Ci{IU^. 
[0045] ^HJ6^JlC||-r*^^V^J#X^<7S^«S2lZ^-ro @2»^HftlZ)Sfi(nm)€t 

-<DlljB3feMS€l5 0Qim#Sl44Qim£T\ Sl&Sfij Mi-fTM^it^^ 

3»^^lZMS(nm)«t^,iSffifft|lC^J^(ciB)Sfc*o fcfc* U ^©^-(7)®®^^ 
ft<7)«^tC^lt*®iB^n7-»,^5|5ft» 13^1^2^5(147 01111^*^*15 0 
Onm) IS) <D K— S^A?— (3 OQnW) tf^LTlCUfco 
[0046] S2^^,<i-^^^«jg|*lt:?iJ#X^^K > )| / ©tr-^±U*«»(DB:, m-<7>JS)^3t 
35*^147 Chm -45 OQim iZ^Jf^ T'&^o &3fcftfl5T*», 1§-*§- 

l*)T-i^f!H# «H&147 QimJ^±0JS)^3fet, SIB&15 OGimi-X. 
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5t«fi<0«ffl*Hr«tUTfey, *-©JBjB3fe»fi€ffl t^Ct, 33<fc^\ 3fil»^ 

tt^^ot. usual ^Tfl>*-<ojajB*s«ffl 

[0047] Ut^^T,fi£*tt«T?(*v*ftG>«-^3t»«(^IB«lT?»1575nm)fc»«ftG) 
m&Xftim (J&MT'&IS OQim) B, -« (Z, JSl 0Qun(J3 IZ UT.ft)13T 

h z ) L#i£*iT^fcu #^3b:ftS tfm ft izb, «-§-3fcaftft«'i5 

8 ChmT'&tlB, n&3fe&ft (** ltST'f»T$M , 148 Chm W+lTt\%, Z. 
+1 B , m ft H lOOnm , >ft IZ l/t 12. 8TH z T-35*>. 

[0048] @3 0)SNR7>^^^HZcfe«)t % JSljS^fttflS OQim, 149 Qim, 148 (hm<D*§ 
•^lCP#3t^ftJai*IT-SNR^ffi<^-DT^ ; 5(«!tlilS25dB^T)c — JffljB3fe« 
ft#l47Qim, 146 Qim, 144 (hm<Z>i§-£ tZB> IS -^3t 3ft* fit |*]lz3Sl-t*>SNR5£ 
ftB'h*<, &)3 0tlB&±<75^SNR;<r*§6*lTLVS>o Z<7)i§^ (]ffljS}c>ftft 
#l47(hm, 146 Qim, 144 (hm<7)*§£-) tZ, BER4S14fc&*?T-&ofco *SlZ v Z. 
tfMi^lZ, S2*y,^^^Sftfitl*ltcait«>7 T v : f : iJ#B,Jsl)iB^)ftft*'l470n 
mfl)»^tZl96dB«.±,iajB3te«ft« , l44 (hm C^4dB^±^i:T-a?*o 

[0049] "T^^fes S23(7)^J#(^8dB) ICJt^tlB^^t^^Dllp^^SNRatSSfii 
^T^CB+^fcA^WftJiitftf 6*l*Z.t;<f =fc#o£o *fc, lZjfc><, 

Kz&.m^Kfemmftiz&ttzmmmmtrzLUTvztf^ z.*ib, u^u 

<7>5ft ft IZJ& L'tia S *« <7) ZT t <*T 5 Z fc M IZ& 6fc ^- 

[0050] -h|3<D**lZ, #JIS60!lT-B. (1575 nm) CM U Sft<75@]j& 

3fe«« (*HJ£0!lT-Bl47Qim)B, 10Qnm*y**fc*(l Q5nm) (AII&MCU 
T«13. 7TH z )«fc^T, £%&{9!l lZ|S3£**lTl\2>o M3fe«ftj«ri»ft<D»£- 
IZB, tfflpcB.ff -§-^^5^158 ChmT-fctlB. B v l«ftT?+»T* 

„ l46QimfcUT*^« Jl*lB,5ftftlll2Qim»H*ttMU:UT15. 6TH Z T'& 
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t>H)Xm^<DX\ &*&ti50?5£lZfc^T v ±|B15. 6TH Z <* W^JfcJM*** 

w-r*«j# * win t-£* tw**. 

[00S1] t?IBg«(Oia®^^S«, 1ffllB«£0!>fl^3te«fiC** U J526RMK1UT3 

D^lf C«fe%SNRafe#»^T^**0)<7), JzlSDR 
A«?T9fcftC^J|«:iajB3KiSlSf SRUT*^!"****^ v^fAtl/T©^ 1 ^'/ 

0!lx.fcf, MlBS^(Dfi-^7t^S^1575 nm<7>fc£ v M)&gfcM#13. 7 ~30TH Z T* 
ttIB*ft«)JffljB3te»ft(*1361 ~l469nmT-&*ltf Sfc&Cv&S 

#153(hm<7>fc^ 7 ~30TH z T-&*lfcf , »IB*ftfl>iajB5tejRft 

1*1327 ~l43QimT?«*itf*^« 
[oo52] H4B,*Sg«E«(e3il»*'DsF<D»^) CHtft»fi H# LT^*. 

»^S»155(hmjtt^(Z$vJ^-^^S«»Lwl575 ~16 Q5nmT'&2>o *fc, 

JBjBJKIftfi &*ftffiT-». 147 Qim««fcZfl5 OQimT'S'^ *HS60!)T-«, 00 

AHT144 (hm(l46Qim, 147 QimT*fc«fc^) 
[0053] H3B,-lfn»1!)[»«/ri545nmfl>»^T»*« , » 

1535 nm©i^ ICI*. 15 OOim. 149 Qim. 148 OimlZiPx., 147 Oim©f^ IC, 

«*3fca6ftKrtTfSNR#-ffi<**(« B§25dBMT) 0 
[0054] *H«s«-et*, Bg23fcH2fcfl)lk«^st)^*«fc*u:, 

C,flr-^3K3tt««rtT* 5 FaC«:-3TU».4$U:,JffljB3t»fi«', 144 Chm, 146 0 



WO 2006/001229 12 PCT/JP2005/011135 

nitu 14 7 Qimfcfi«fiC«:*tZL,fc«'-oT,#Tfitt/r*i0T*.«#3t;T7— t 
M H0>§m IZ^To Els tZ^fi (nm) «fcy % .^Ift C«3fe/T9- (d 

Bm) «t%o ^£T\fcilS&DsFCA:fcT%^#3fc/W— (D^^S/I^Ss C^T 
±8BISjS5te»ftlIi&irc# 5 l t «C"3"*. 

;t7-^<T*.EDFA<D3RI»fc»ftfc<DH**H6 C^T. H6 Bftttt C&£ (n 
[ 0056] ■r^JbS, H6Ca5t^»iSlfi3fe*««-l4 4 (hm<D»£<D 3 FiS&lE5!MfrU / <<JI/( 

JU - 2) tei/^i, - 1* yfi <-r*itf«* 

[ 0057] ±|BHSfi0a Tf3 + (e±*fc(*«JlE) UK St UfcfcJ** +T\ «*3fe « 

W Clf 4f TfcDRA vxf A IC H^fe © T- if % -(5 iH ft 7 <DS * , 4 

[ 0058] L^l^^6,*l5M«Ceit*fi*3l6<D3tJl«»^*#*t-*fc»«#3fe«l»JB 
4IB it F*3 T-EDFA ^i:<D*'lC«^MlClii|iS-r*^^lZfciSfflT-^,ftJ^{®Sa:, 
— ^tlDiijftCO^-^^^T^tod Ckm35<*J>*2 Qan&fc") <D~/>J *77v]\^(DsFfc 
t") T'&*>. C<73 itB , <Z)|g If! HUffl^iJ IZ M UTfe @ U*T*^%o 

[OQ59] *fc,IftjB3te»B, 77-f/^7^^l / -f^>^(FBG)fcl/ < »77'fAu-fS 
ttBm fc -T* u— +f^-<^-— ( 7 T-lVT 7^ b-^-C >^#* U- 

[006 0] 6l±ifi<fc«fc* CC,*IIS£0JlZ < fcttB,fc&i&;!rDsF |L -(&®i£3fc2& 

S£«H§147 (bmttTCRS"r*ilfcC:* | J^*ft*T?naT?«-DfcsNR*{b« 
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[0061] (m-mmm) 

7 7"TA (NZ-DSF, LEAF (SSiSS) Sffl t^35 ^ "tf P^S (flUMlit » 

^1150 -B-^^^SttC^lSS 0~156 QimT"$%o 

[0062] jE&jB3K%S», ^^[S]®®0FBGS)M3te3I12-2. 22-2T'», &3R&fl?0>S 

22fc|^U*142Qim£cfctfl45QimT"39^ fij^ [S]I§J & OFBg® Jg #31 1 3 - 

2, 23-2T&13 9 QimT'&So 
[0063] MM0JCfcl-t%2fc« H#€El8lZ^-ro T'». ^22lZ^L/t^*C tu 

^ (S]D^<7)®®^^m [S]DRA(7)®l^>tMft 142 Qim33<fctf 14 

5 QimT-355.^,*||ifS0ijT-», _hlE 139 QimT'i6%, 

[0064] -«»CB» SB-ie«l«lO)»^^« C,JffljB3ta*», «JHa-*3fe»ft(15 3 

Onm) C**UT,J5*»HCLTI613. 7THz«3*Sfil OftS**l*. 5 » IS 

jE^t^ft »143 Qim&TCT*itf<^o 
[0065] Lfctf^T, S4OT^^t^L-«fe 5 tZ v ^Hffi^J^tlHi\fii^S1i|5T-^®T-a9ot 

, RlN^^^*t>*ND-FWMtC«fe*SNR^^SWJET-€*tl' :5 ^'^^ 3 5*o 

[0066] (m=mmm) 

£^UTtV&o *5li60!TB\ M^JS)SD^(Dfe3ll^DSF(DSF-l)0)^S: tZil 

niasEDF^va— A3 osisgUT, jtmajBimtfroT^*. ^^pijsj^e 

DF^E^zl-^3 0tUTB,BjB»*fl>»^7*^^2!l*^ I,*"**,** 

[0067] Hi 0B\ 3f7*j|,A7.ffl(DiSPIfiiiB'EDF r E5?a-;u3 Otom&ftfe £^ LT^vSo 
Si OBtfttt CAjbMJtn?- (mW) Sty, MEN taj*^-^3tA7- (dBm) £ 

&:K£Sx.T(144 Q 146 a 147 01 149 (hm)Slffi Ufc. Si 0K*CF« <DtkM& 
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*J»fllflT?»»EDF«]Hlfl"^%fc»fl>»ft tLTJB?|tttl4 5 0-148 (hm^ffl^ng 
[0068] *fc*#7j|,7T*fflfl>»WJffljBEDF^5?i— A3 OC«*T^>^A/T^fflroJfiPH 

jbi jBedf^e v n— a t- i* > n & $h $ <Dm. mm ^edf=e ~> n.— a 3 

A3 CU^Jft^ft (144 (hm£A±&t") fc&3> 0 

Coos?] (Uranss^y) 

N#frCjBHT*«*0***FBGl&fi3te»*fcB7 7-f'A U— »fflljB3fe» €^ 

[007 0] CCT\'(i-^3feMSroS^'(i«^5,-tfp5d > *^S0S'h'(ii«^ a*fc,Bbfi3t» 

2 a 0— a s — Ji p •••(!) 

#±IB*****fc***JB*#T**.*CT»*»9|-?B* JiBB** 1 *' UBI * 
tV5<*.*£. /i 0=154 5nms *s -16 05nmO>4:£> Ji p <147 QimfcUT^*. 

2 a Q— As y.n.p+15 "-(2) 
tl/T^. fcfc'U ±BB«»lBjB3t*^*— «ft©FBGJB&3B3feWT**»^©« 

[007 1] ®)03te)ll^m-S«<7)FBG@)^3fe^M^<7)Ji^€lS^*tJ^T<75^t^^^o 
7to Sim B»H*ffiflasNR*>S?IVUS^TBlTfcy, tUftfl C»* (nm) *ty« 

S NrX^ I^A €tf UT ^,\*> . 

[0072] mmyemnnmiz, 7Ti , A^^>u-+f » jh-^sfbg-ld, 2>^«fb g -l 
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D. a^OTp-LDC^ry- 1 — "CP— LD)T'$5. -tfn^tfc&S (D^ffi 0»153 
onmT'$%. 7r'fA^T>U— ^« ^ - KfiFBG~LD, 2&«FBg-LD, Fp- 
LD 0>JII T-S NRtffK fctf* fc> 

[OO73] C<7)t^, #MjB3fe»G)lodBaififfiTCa3lt*»ifi««« a a 77^17 
^•>U— +f T-^l 0. 5nm^-»SFBG-LDT'l!l2nm, Fp-LD^10nmT'$ 
ot. a A^fA^^lft'sNRXfit^o 2^SFBG-LDT-»,^ft 

gfetf m-&^FBG-LD<7)2teT*&S#S, H$b&9&A a »2teT-&% 0 

[0074] M±(7)Ct^6.Fp-LDJai^^> ^>^S<7)FBg— LD® S^t/B (B§ UTFBg 

#*>nr>1to fcCU ^a*0>FBGfiijB3t»*^«T*t*»»Sia««R<UT, 

35%. fc£U tllB¥iStt«BfljB3tett*©«»«T*«, «*lfi*p»> (1)3S<D 

tKTEftfi WWI*v *—aft«FBQ—LD© a a. #&i2n 

[0075] 012 Fp-LDiaijB3teW«ffl t*W*LDB»«aEdB&jB3fesNRa3 
<fctff!-^3fcsNRfc<Dli& &m LT^*o B12 Gttfttft (ZKIbVSfE (mA) *fc«» Mftfl 
lZsNR(dB)«t*c 012 t*T**C,M*j»t**CIBJfi3fcsNRa3*Cffll*3t 
sNR# fl±T*£fcjy«J*T*>#ofc. UttfoT, K»BSit€iiit^tC«o^tu: 

[0076] 013 *H*«6«IU:i3W-*Fp-LDJffla3fc»G)«***LT^». MjB3fcfl( 
T'», KsNR ^T0X^«UT^*o'H^^MT* : &LD4l(Fp-LD 

) c«**-ttT*nr*inr«'7y^*— osisb L/T aja/T?— SUM UT^*>. 

[0077] &^tLTyr*—9A (MP SOEligft BH%£&ffi («, ~FT"BPBC O*) 4 2 T*£ 
)«*tlt^lZtb±*tl%o #LD4lW®jS3t^«( 5 F^)SS) B.0ilb«9!E&<fctfffl 
C-t#UM«aEl OQnA25fcyT*^3nm, Ml Cg£fc^T*^4nm±J?- 
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[0078] *fc»LD©«Ji/T?^^«y, J etltt«BS75nmT-^o Lfctf oT, Sl3<7)Sl 
jB3fc3S C^tltf, S5bftftfi*tfflftG>9iB #LD4l0>JQ&3fc%S%SIB 
T*#, fr^>&LD4lfrSPBC42£.Xjj-tz>M>m%JW— *RTft7y^*— 24 
|^i;fitfc:l£5£T*2*>. 5£&C,M^<7)Fp-LDiajS#/ll<D4tJ£». 013<&1§J## 

[0079] 0iJ^tf,®^^^-r?>2^)<75LD(LDia*^LD2t-r*)O®S3t^«<75^fMO) 
^S^l44Qim<7)tS,miiA^V+U:ck oT, LDSS25 C CT*. LDl(7)^S^l44 
4nm, LD2<a^ft#l436nmlC$:r5T^£:t _ 3" ; 5>. C<7) tS, LDlOfflSSlS'C, L 

"Tatf, ft laffil RTfcT*?*— *4 0lC«fe*^PBC42lcA^-r*l!)iE^; , ?7-« 

[oo8o] (M35.mmm) 

* nt& m t* » > S6 uxm -mm m x-a ^ tcm ? ^ji m<t <d (T 

[0081] Hl4Bv Hl<D*»+«»l-l, l-2l*llZ^tl J ftl^aLtEDFA16, 26(7)^ 
j£ 0fl £^ L/C ^3 . £<*>EDFA »,fl|-^3tfl)Ajbfi|Clllt*nfclll <DEDF*Jfc 7 
□ T- &*EDF#!l 7 □ ^5 1 1 , # % 0) iH 13 M C®J ■ * ft fc^ 2 ©EDF*U % 
7 □ »r?T* &%EDFf(J » 7 □ «/?5 3 1 , EDFflJ # 7 □ 1 fcEDF^J % 7 □ y ?5 3 <7> 
Pel Cffi § £ ft £fU4§ « 7-fJU 5i5 2 1 4 EDFflJ m 7p 3 Cft «t * tl. EDFfc] 
ft 7" □ y<75 3* CIS B Ufc^lJ » ft ft UT 0EDF (B*ft *) IE SMF ft €ft fl 
"*-*£IE#*Ptft tfi@*54t, fi|6#fct* ajlil»54ClS«**ifcSIS»^SI* 0 
»55t*W*"*. ^(DJRlE»^a*lH|»55B:,EDF*J#yn^53C«"r*JHljB 

ytiw-zm^zQ** t*UT, &iE#*pft t±ii°]i^54tzj;oT^ tn^ft^a^ 

ft if n M <r>m 9 Icedf^iJ m 7 □ y<?5 3 oSi ft €^ ft . 

[0082] *as»EDFSJfc7*ny*51Bft<Tfc*<» fyft^" D 3te 74)1252 »EDFfiJ# 
7"a^53©ft«C»BL/Tfcau« *SCSlE»*ft *@»55tUTI*, 
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[0083] k c, *mmm c& w-%»#*k mt%> 0 BUFmm^n y<?s 3 + a>EDF<7)dBJiM& 

T*<D*!l#(G)», J±0flS|&€A,BI?iSktliaJrSa«S (^Emission) , ±<4*<fciRiK 

emi 

Kr® 9 £S (^Excited State Abso r D ti 0 n) * © W ®T® 3i £S (=Abso r p ti 0 n) > I s — * 

ESA IT S abs ^ 7 

c mi— Lot e m. Es A 2 

G=A(S N -S ) —(3) 

e mi— tot 2 a bs 

[0084] 015 », ^-^LOiS^M ifcBftMs dSdstfiRiRWrMs ro^f^S* 

emi— tot a bs 

i/cfc^ *n cms (nm) «ty, mm <zmmm m&<ktfB *fc-3-ci,\*. tut u 

T**£EDF*IK#7P^5 3 ^OEDF^J^T^^I^^S^LTfc^, BUlBJS. 
fi»**T?«*±i42|fctt £#J£2pN #42%, 4C%, 38%, 36%, 34%<7>*§£lZ 

2 

(nm)«t^,^ililZ^lJ^(dB)«toTt^o 01 6 fiW 
ib*N =3 8%<7)t€<75LwtZ^lt* 5 FSflJ#y:^)2 CtiBT-aj*. ^L/T, 0l6(Z<fc 

2 

tier, ±tt*<S i5Wtt*N 2 ©fflc«UT % 3pj»^^hj|,^rffi^*«^-«sMfls 

[0085] 017», Sl6^6*»^J#^^ D M7>^^KA€^LTt^. m#fi$C», ±QL& 

ftfi (nm) $£$01 OfilM* 0 * (dB) «toT^. SIMffc** a g, ±tt* 

ft £Wifc^N (DM Cj6 L3t*l»*G (N ) tT* t, 

2 2 

AG=G(N 2 )-G(N 2 =38%) —(4) 
[0086] COT^t^tW^Sffl^^T-, M^®MD|JL(ft«jSffl L*t^*^C46ffl*ti* 
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^nC*y»5fi|#»««fi ; 9t»C«ffc«:EDFA*Stt*/»38jJr«:<«:W,«*tt* 
[0087] E!18», HU^S)0D|JL|ft(7)Jai^^^S^l44 Qvn<J>m& 0?iy*m*19h)i<D 

flKS+w ^^>^ij##ip^ j ). fc^o'* *ro^TV* | J^*'^ l \M,**8{Jt"3"*ED 

Ff!l *f 7* □ 3 F*g (75EDF 5* 7.^ ? N/l, ( S * <£> EDFA^J 41 M4> # J ) 

£^ LTfc^ Itlft iCiKft (nm) ffiffft IZ^M (dB) € t^T^*. fcfc* U 

, EDFf!l^yp«/^53rt(7)EDF(D±'f4^i ^tk^N «N = 36. 5%tLfco 

2 2 

[0088] fs#3fe)^«^1575 -16 QSnmCfctt-sMW — W#«ldB& F*3 

S— 5 jUfll^ ©X^ ? hj|, IZ II U M # JSl gD ilfO-r^y^m SEDF* u 7 
□ y?5 3 F"g<7>EDF<7)flJ# C<fc oTT.^C' ^I^T^ClfctfT-^o 
[0089] 2:fc, MlBl?^®®D|J4*<7)7^V^IJ#^DFflJ^yn^53[*|05EDF<7)^J#a)^ 

» > mnw <°% 7-01,25 2 wai t-€*, *e . m%m< a % 7-01,25 

2<n$m.9k^'<o^)\,<r>\^.—O^M.if <h*^\fcit>* ^HJfi^J lz<f5lt-sEDFA<7)34l3 

StS^tt if % UT U£ dtl lz*t UT % * USS ft <7><* « tspj # H <°3fe 7-r 25 2 
<7>s 2 w om. if <h * tttt v f d % «P - rt=, 3te 7-OU 25 2 0 & T«« 

[0090] fe35, ±<4*tt dy&jfc^N ©RffiffiB, tt IE ? tV 5 ^* cW 3 ) ©Ik 09 

* 'J N ^ 2 h )l ^ T*EDF 5PM T , <D » ft ft ft Tft ft ft $ «fe » 

8 0 /oJ;^^t t; <f^^^**» -hMtt £#tfc^N 0)iftSi»,N =34 -37% 

2 2 

[0091] (m^mmm) 
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m^m utt©T'^. *nmwT*&mm& trNz-vsFo>m& izo^Twa^/t 

[0092] ^llffi^T-»,-tfD53 v -iiS«(7)^Mffi»^15 0Qira,'g#^SS»C : ^153 0-i 

^<DW.m.$im*i\L3 L v*)\,X'&Zo *mmm<r>m'& ci*. c^isi o~i56 chm 
tc0ijx.tfiooGH z rB^pscr^^6^ o. 8nmmm)T'$i%i2>mm-%<D$im*3-[si> : ? 

[0093] ccT^Brall^£^JT'iE'^:to)t^«t:,'fi-§■^>aft<7)Sd^^«^5.-t^□^ii^^s 

)) «"«t* A fc**«ai*#T?«*. *CT\ *HJ60JT-8, -Ue*#«* ISM* 
*1*><*. 5 C a 0^148 Qim> a s = 156 QimOfcS. a p <1385 nm t UT^\% 0 
*3 5wft:ft<D3Mi£nmfcl/C, 2* 0- a s y a p + l5(±|B^ (2) ) t l/CV*. ££* 
U ±BBfflBJffljB3fcjR^*— »firoFBGl8ljB3t»Tf««»^<D«Bttf T?«*. 
[ 0094] m & KM if * —ft* <7)FBg® jB 3tW «, ^ «1S fcTIB (O z. t.# t> # r> tz 

d3y,flt*l|C»*(nm)*ty,lK»l|CSNR(dB)*i:oT^*.*^, S19»a p = i 

"9 s , m-ft*FBG~LDs 2ft*FBG-LD> d3^C>*Fp-LD(7 rf'J—l □— LD 
)T'35%o S19^677"1'A7^>U— +f „ #-ftSFBG-LD> 2ftSFBG-LD, 
Fp-LD£>IHT-SNR#M£ t^^* 5 **" 
[0095] SNROltUtt^lxtf, A S = 156frmfc<*tf Ap^iaSSnmlCdS^T, i£ — 
ftfiFBG-LD^*t>*2ftftFBG-LDT% ^frf ftSNR -23dBa*t>*SNR = 2 

S^^(7)v7>7 i A^#t:fi!c#T-S»^,^M<iifcUTH:0iJx.l#25dBT*352,c Ufctf o 
T\ m— ftfiFBG-LD<^*^ C» a p = 1385 mn^^. 2ftfiFBG~LD 
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<Dm^1Z&. Hl90;&5€S&ftffl lC5nmv7NT*Ct^T*€, *s = 156Qim 
&<fctf *P = 1385 nmCatt*SNR<DX^?Kj|,S<£^»27dBfcfc2>o Lfctf ^T\ 

2/i O-As^iip+lO " (5) 

T-fctlfc?^- *SC»FBG-LDfflBjS3te»<D«ft»B3Ja'±T?fc*<» 

[ 0096] *fc % *mmm ^nz-dsfo^-^ t-***- , nt -uss^j ^gib c 

[0097] (»— -«ASe«S«!*fc») *fSE0>ISffi«CJ;*3fe7WAM5'XxA(*» fg 

BAJtB0-?K9]U&&&if>£8*B*, 5^*7^-17X1 (X mk 2 a 2l*ffe 

3£»DSFtUrrfr«|iC»R*ft*;:fcC* oTIi^^c 

[0098] (Jg-tzHMJ) 

« -H fife W ^ fc * « t , D SF 33 * tfNZ- DSF STfr * IS Ufefe & i$ 7 T 
-17X fc^ o tf* « « B T? < > >fc t" C# ^ t v 'J *7 7"f7X t^ofe 
B*tt**««BCBS»*Tfc*l,\. MlB^TMVXMflvTorAtt* 
*«Bfc**1i, Z(D3l6ii«Btt.B^^B.i£BB^CfSBBn«:jfU:BB 

[0099] *B«^C**3felB«B©*j*€BI2 0lI^-3-.fcfc* Hi CijsUfcfc (DELPHI J« 

iz-3{,\T»m-a>m*Gtt ut*<d« **ii4iS7 a*, m * 

3tB«©BBfcUTDSF**U *a>S*(*0!l*tfl CkmT?*^ C<7>DSFtt#br> 
Ci#ftTt«. DSFffl |S]7^>li$i, HU^ A^i/Jf « tffl ^vsM*^ 

^— BaiffilfcPIUa«*WT*FBGBjB3tB22-l, 13 -IT?**. 
[0100] ^HS60iJtZ*tlBr, 3feJO«B7 0CAjbUfcB-^3te*»RIN#fi 1 **^ND-FWM 
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[0102] *#&HJHlefctlfcf, fii*ttfl5T?HIBIT«-3fcRIN^Sa3«fcCWD-FWMU:**<S 
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m ib v 7 t-t/t tfriBja s %m n cr a* ft fc«nafli ^tt en m % t 

friB^-^ilictt, BulBv , ^77'-<yT<7)-tin5d-ii^fi<fe^fi^s<|ij<7)^s«W"r* 

MCUT13. 7 ^0TH z ffijgi»*flaT»*fcJl*©»«fifl|t:«*jajB3t*aj»T 

[2] ByIB5> , ^7^-<A«,^^v7^7^yXT-aj^, HTEfll#3fel*LWC1I»«« * 

WT * ft * * 1 IB m <D % 7 7"T A 31 fll v 7. ^ A . 
[3] M IB 5>'J:*J 77^7X1*. y>tfn#g!i5'7S7:M7\T-<fc^ SiilB^i#^»C^ £}g& 

ft * *m ?*m # * i iam 0* 7 t-t/t mm a» 

[4] MlBv'J^^yT^-t^tfi*® £> isPSJa^^y^AxMEDFTva-Ji,^ 

15 lt6ft v 

ti * m. i ib« <r>% 7 \a « y^f a» 

«"» It 6ft, 

BUfB®!£3te». ^(7)ftS^l44 QimJ5t_hT-^^147ChmttTT*^ 
ft 1 IBM <D3t 7 V7f Ao 

[6] MlBJaifi^l®», 7WA;/7^*U-7^>^ttSu-^3H';t- f^fcL/<«7 

wa u— m i & ^ us <d ciaa 7 ^-fyxafi v*? 1 a 
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o 

2 /i o— ^ s y a p 

*£»3 CBB*<D3te7 7~fAM vTsxAc 
[8] MlBJa^^^^^S^<7)7WA^7^^u-7 i ^>^#^u-+f^-r7|-- 

2 /i o-^synp+io 

ffi * 41 7 CIB ft <7) % 7 r-17 T ® H 5>7,^ Ac 

2AO-Jis y-n-p + 15 

it * m i cib <t) # 7 t-iv x ® m ->^f a. 

[10] IIIB*aafia)«/riOnm^TT»*l»*3l8*fctt9HB*(D3t7^f'yT31fll5/7. 

«uic,#7t7* i j-^p-u— w-r*- h5»soi»fi3te{u**ss*"^*w«»* 

it €fS x. fcfS * 41 8 £ fc »9!S« 03t 7 7-fA3HS v^f A» 
[12] MlB3fe7T-i'y\ffl^iv7.5 i Aa:lJUb-'5A^iP7T'1'/Tlii|iil^U 
BUlHlAt7A^in7T-<Alg«|g§», 

flJ#^®tbT<^3i^t^A^D7T^^^{i^fc^^tf^A^a7 T ^/^flJ#^n 
Blf IB I J I b* 7 A flS iP 7 A flj ft 7 P <D M « * 1z » & ® IZ IS S £ *l t M ft m < * 
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* 7 

WT*I»*3a2*t»3gB«©3fe7T«i'Aaffiv7.^A. 
[13] M8BIJUf5A*in7T-rA0)±tfea(ltt »ib*N jff"38%*J!T«*ll**12 

|B3Kro3t7T-<Aa^v7.7 1 Ao 
[14] BiTB7^>lii|®lC«fe*7Yy F W*'^^C^^^fi!l»^ BUlBv , ^7r-fA^A^ 

[15] firiBv'^7:^Atf rfr*a&tS**Lfc^^ 

yTa-liv^^Ao 

[i6] MB~s'j*77^/xtrm**mmm<D~''jj37Tj/\T'&z>m £jsiiE«fl>#7:wc 

If ">7fA, 

[17] HJIBfll ^^<©^«^*-^ftT-^ l ^MlBffi^^0^fttMlBlS)^^(O^«)^« 
fcG>M#^&»il CUTIS. 6TH z ft±Tf«*|»*'J«l|B*«)3t7T-rAa«5'7. 
- f A. 
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